The aim of this study was to evaluate the inter-observer agreement and effect of contrast injection on the visibility of liver lesions by radiologists reviewing ultrasound examinations acquired by a radiographer using a standardized examination protocol. Material and method: A retrospective review was conducted by two radiologists, independently of each other, of 115 ultrasound examinations of the liver with standardized examination protocols between January 2008 and December 2012. All patients included in the study had undergone surgery for colorectal cancer. Patients attending the two-year follow-up were included. Results: Focal findings, the most common of which were cysts, were seen in 42-43 out of the 115 patients before intravenous contrast and in 46-47 patients after intravenous contrast (p=0.012). The inter-observer agreement for focal findings was 86.1% before contrast, and 90.4% after contrast (n.s.), and the corresponding kappa values were 0.72 and 0.84, respectively. Conclusion: A good inter-observer agreement between two radiologists reviewing ultrasound examinations (standardized ultrasound cine-loop method acquired by a radiographer) after surgery for colorectal cancer was obtained. Injection of contrast medium increased the visibility of liver lesions.
Introduction
Metastases from colorectal cancer develop in approximately 50 % of patients [1] . To increase the chances of cure, it is important to discover the metastases at an early stage, and the diagnosis relies on imaging [1] . Imaging methods that may be used include ultrasound, Magnetic Resonance Imaging (MRI) and Computed Tomography (CT). The examination method to be used depends on local equipment, availability and operator expertise [1] . Contrast-enhanced ultrasonography (CEUS) has improved both the detection and characterization of focal liver lesions and is a useful imaging method for distinguishing benign from malignant liver lesions [2, 3] . There are three vascular phases, the late phase being the most important phase for distinguishing benign from malignant lesions, the hypovascularisation in this phase being the most specific signs of malignancy [4, 5] . Previous studies have shown that CEUS is an accurate imaging method for the characterization of focal liver lesions and could be compared with contrast-CT and contrast MRI [6] . CEUS using a second-generation micro-bubble contrast agent poses no risk of nephrotoxicity and requires no radiation. It is possible to visually assess the liver perfusion throughout the vascular phases in real time [4] .
Today, the most common way to document ultrasound examinations is to store static images from regions of interest or where pathology is seen. This method offers very limited possibilities for the re-evaluation of an ultrasound examination. Although the patient may have been examined in a systematic way, only the examiner knows what is seen before and after the static images. Therefore, this is usually considered as an operator-dependent method. The value of re-evaluating static images is thus very limited, and the experience and education of the examiner are crucial when using this method.
Examinations using standardized scanning protocols, documented with cine-loops and stored in a dedicated PACS, may be a solution [7, 8] . The standardized scanning protocol includes both longitudinal and transversal views covering the whole organ or region of interest [8] . After the examination, the cine-loops are stored in the PACS, and the evaluation is made later at dedicated workstations, where the examination can be viewed once or many times. It is recommended that essential clips for each vascular phase should be recorded [3] .
It has been shown that with the use of this standardized technique in abdominal ultrasound, there is high accuracy and a high inter-observer agreement between bedside and offline reading [9] . One advantage of this approach is that the examinations may be performed by a radiographer and evaluated later by a radiologist, thus releasing more of the radiologist work force [10] , and increasing the availability of radiologists for acute or more complex examinations.
The purpose of this study was to evaluate the visibility of lesions and the inter-observer agreement between radiologists reviewing ultrasound examinations of the liver with unenhanced ultrasound and CEUS, when the examination is performed by a radiographer, using a standardized examination protocol.
Material and method
A retrospective review was performed of 115 ultrasound examinations of the liver before and after a contrast injection between January 2008 and December 2012 from our center. The subjects were 62 males and 53 females, mean age 73, range 46-93 years old. The study was approved by the local Ethics Committee. Patients included in the study had undergone surgery for colorectal cancer. According to the clinical routine at our hospital, CEUS is performed from 6 month to 3 years with six-month intervals after surgery to evaluate the liver with the clinical question of metastases. In the current study, a consecutive material was collected, consisting of all patients who came for the two-year follow-up. The patients were fasting 6 hours prior to the examination. The sonographic examination was carried out by a radiographer with the use of the standardized ultrasound cine-loop method, i.e. films covering 5-10 centimeters in 5-10 seconds [11] . All data were acquired by the same radiographer, using a scanning protocol for the liver and biliary system consisting of approximately 7 to 11 loops. The segments in the liver were scanned first transversal and then longitudinal. Always in the direction from cranial to caudal and from left to right, independent of patient position. The goal of the examination was to cover the entire liver and identify the segments where any pathology was located. For segment 2 and 3 the patient lay in the supine position, and for segment 1 and 4-8 the patient lay in the left decubitus position [8] . The dynamic films were stored in a dedicated PACS (Syngo Dynamics, Siemens Medical Systems, Erlangen, Germany), and evaluation was made later at dedicated workstations permitting the examination to be viewed once or many times for writing the report. The radiographer had worked with ultrasound for about 6 years, consistently using this standardized method. All sonograms were obtained with ACUSON Sequoia (Siemens Medical Systems, Erlangen, Germany), using a convex transducer 4C1 with 3 to 4 MHz. First, the liver was examined without the intravenous contrast agent using the standardized ultrasound method. After the injection of the contrast agent (2.4 ml of SonoVue, Bracco, Italy) via a 20-gauge intravenous catheter placed in a vein and followed by 5-10 ml saline flush, the examination was repeated by the same radiographer beginning 90 seconds from the start of the injection (using a timer starting when the agent was injected), i.e. in the portal and late phase. If a focal lesion was seen before the contrast injection, the acquisition with contrast was used for characterization of the lesion in the arterial phase. The mechanical index was as low as possible, mostly varying between 0.09 and 0.18, unless a higher value was necessitated by the size of the patient or by steatosis. Ultrasound parameters such as gain adjustment, focal zone locations and depth were changed on a case-by-case basis throughout the examination. Each examination lasted at most 4.5 minutes after the injection.
The examinations were reviewed by two radiologists using workstations with identical conditions such as lightning and resolution. The examinations without and with intravenous contrast were reviewed immediately after each other as a matching pair. The radiologists were familiar with the standardized examination protocol, had worked with the method since 2004, and had 8-20 years of experience of abdominal ultrasound. They were also familiar with cine-loop documentation and with reviewing an examination made by someone else. After each review, the radiologists filled out an evaluation form including corresponding data before and after the intravenous contrast. The radiologists were blinded to each other's assessment.
The findings recorded included whether the examination was diagnostic or not, focal changes (classified as cyst, metastases and other focal changes), localization (Couin-aud segments) and the number and size [12] . The reviewer was also asked whether he judged the patient to require an additional examination such as MRI or CT. The form contained no patient data. In cases where either of the observer noted a metastases, the medical records were reviewed for histopathological diagnoses or subsequent examination with CT or MRI for verification of the metastases.
Statistical analysis
Agreement between observers was assessed as percent agreement and kappa statistics [13] . Conditional logistic regression was used to compare frequencies of reported findings between observers and between examination before and after intravenous contrast [14] . The number and size of focal findings in those patients where they were reported were analyzed using mixed-effects analysis of variance. All analyses were carried out in Stata 13.1 (Stata Corp, College Station, TX, USA).
Results
Out of the 115 patients examined, 112-113 were judged to be diagnostic (table I) . The most common finding was cysts, with a frequency of 29-30% before and 31-32% after contrast injection. Metastases were reported in 5-6% before and 9-10% after contrast injection. In 12 cases where at least one observer noted a metastasis in at least one of the examinations, the finding of metastasis was confirmed with CT within the next 10 months after the ultrasound examination. In 11 of the 12 cases, the CT examination took place within one month. Five of the patients were deceased. No histopathological diagnoses could be found in the patients' medical record. The difference in frequency was significant for all focal lesions, for metastases, and for cysts, but not for "other focal findings". The other most common finding was steatosis. In no case significant systematic difference between the two observers was found. Three examples of the varying effect of contrast injection are given in figures 1-3.
The frequency of focal findings varied considerably between the eight Couinaud segments, with the highest frequency in segment 6 and the lowest in segment 1 (table II). The number of patients with pathological findings was significantly higher with CEUS than before contrast injection. With one exception (segment 5), no significant systematic difference between observers was noted.
After injection of the contrast agent, a small but significant increase in the number of reported lesions was noted (table III) . The size of the focal lesions did not differ between examina tions before and after contrast injection, nor between the two radiologists' assessments. stored cine-loops. As for the inter-observer agreement, the radiologists were fairly consistent in their assessment, but no effect of contrast injection was found. It is often asserted that standardized and adequate training is needed to obtain optimal and reproducible results from ultrasound examinations, including CEUS [4] . For a complete examination, it is important with a detailed written protocol to establish the exact images that constitute a comprehensive examination [15] . According to previous research, the value of reviewing static ultrasound images of the abdomen is very limited [16] . A study by Faschingbauer et al compared the diagnostic performance in a group of examiner's with four different levels of experience in gynecological ultrasound. Their study showed that interpreting static ultrasound images significantly improved with an increasing level of experience [17] . In other areas where ultrasound is used, it has been found that experience In general, there was good agreement (90%-97%) between the observers before and after contrast injection (table IV) . Two exceptions were focal findings before contrast injection and the need for further examination after contrast injection. When the agree ment was evaluated with the kappa coefficient, on the other hand, poor or moderate agreement was found for those questions (diagnostic examination, other focal findings, and need for further examination) where the frequency of positive answers was either below 10% or above 90%. For the remaining questions (focal findings, metastases, and cysts), the kappa values were 0.70 or higher.
Discussions
The radiologists in this study observed focal findings in slightly more cases with CEUS than with unenhanced ultrasound when a retrospective review was made of (15) 19 (13) 18 (15) 18 (13) p=0.641 p=0.635 plays a major role in the detection of small congenital heart defects [18] . In many institutions, the ultrasound examination is performed by a radiologist, who judges the presence of metastases and other focal findings during dynamic visualization of the liver, usually not following a thoroughly standardized scanning protocol [19] . We have seen an advantage when examining in a standardized way, as it is possible to compare the examination before and after contrast injection in identical views. This standardized technique and the use of an organ scheme is helpful for making even small findings.
In the study by Quaia et al, they retrospectively reviewed cine-loops of liver tumors with CEUS, and the reviewers had 1 to 10 years of experience of abdominal ultrasound. They showed that the diagnostic performance when reviewing cine-loops of CEUS in liver tumor characterization was dependent on the observer's level of experience [20] .
According to current recommendations, essential clips for each vascular phase should be recorded [3] , and this is also common practice when performing CEUS. Several previous studies show that CEUS is an accurate imaging method for characterization of focal liver lesions [1,2,4-6,21]. What we suggest in this study is the standardization of examinations before and after contrast injection. This consistent and systematic way of acquiring image data might potentially increase the sensitivity of the method.
When cine-loops are reviewed at a workstation after the examination, the ability to repeat part of the loop several times may increase the chance of seeing small lesions which might be overlooked at the bedside examination in the examination room, in particular with less experienced examiners. In the study by Jandzinski et al, an increased detection rate was noted for small renal cysts when the examiners used cine-loop documentation and had the possibility to review the entire examination at a workstation [22] .
One of the advantages of the standardized method and documented cine-loops is the possibility for a second opinion by a more experienced radiologist, which helps in maintaining a high level of expertise in ultrasound examinations of the abdomen.
The opportunity to review the entire organ may permit the examination to be performed by a radiographer who has learned the technique of visualizing the organ from different angles, giving the radiologist optimal views to make a correct diagnosis. In the study by Gaarder et al, it was shown that standardized ultrasound examinations of kidneys acquired by a trained radiographer have a similar diagnostic value as when the examination is performed by a radiologist [10] . There are previous studies showing good results when comparing examinations by radiographers and radiologists in routine abdominal ultrasound [23, 24] . Most of these studies have involved general upper abdominal scans. According to Leslie et al, radiographers are as competent as radiologists at performing routine abdominal ultrasound examinations [23] .
Bude et al recommended that if the examination is to be performed by a trained sonographer, video documentation should be used [25] . The video clips made it possible to review the examinations several times, and they did not need to call back any patients for a repeat examination. It was concluded that this technique increases the quality and safety for patients in an ultrasound examination. Dormagen et al studied the usefulness of this standardized cine-loop technique when examining the liver, gallbladder, pancreas, kidneys, and urine bladder [9] . They found high accuracy and high inter-observer agreement in the bedside and offline reading made by different radiologists, which shows the diagnostic safety of this technique when reviewing ultrasound examinations at a workstation.
In our study, some of the examinations were suboptimal and an additional examination was recommended due to the liver location, high up under the right arch, in particular when the patient was overweight, which may limit the patient's ability to take a deep breath so that sub-diaphragmal parts of the liver are difficult to visualize. Steatosis also complicates the examination considerably, since the ultrasound penetration to deeper parts of the liver is limited. In the present study, there were 2-3 patients with steatosis whose examinations were judged as not diagnostic. For the examination to be diagnostic it has to cover the entire liver and the cine-loops have to cover at least 5-10 centimeters in 5 -10 seconds. If the scanning is faster than 5-10 seconds, important pathology may be missed. Nevertheless, except for patients with severe steatosis, CEUS seems to have potential as a standard technique for detection of liver metastases. In some cases, the metastases were only seen after the contrast injection. In these cases the value of contrast is considerable.
When our two radiologists reviewed the examinations, they did not always use the same workstation, but the reviewing conditions were similar for both reviewers. When reviewing the examinations, the radiologists had no clinical information or history of the patient. Both radiologists had the possibility to review the examination several times and thus reevaluate their assessment.
The reviewers in our study had worked closely together for several years and may thus have influenced each other's practical skills. When generalizing to other settings, it is therefore not certain whether equally high inter-observer agreements can be expected. In several cases, the two radiologists did not agree on what specific segment of the liver the focal lesions belonged to due to the localization of the lesion close to the boundary between two segments. Normal variation in patient anatomy may also complicate the assessment of the exact location. In addition, the reader's experience from ultrasound may influence the diagnostic assessment. It may be noted that observer A, who had 20 years of experience, indicated a need for further examination after intravenous contrast in only 5 cases, whereas observer B, with 8 years, did so in 16 cases.
A more severe limitation, however, was the lack of a reference method such as CT or MRI for evaluating this standardized ultrasound method. In future studies, it would be desirable to assess the diagnostic accuracy of the standardized technique by correlating it to a reference standard. If the diagnostic accuracy is satisfactory, the widespread availability and lack of ionizing radiation make CEUS with standardized technique a very attractive choice for follow-up in patients who have undergone surgery for colorectal cancer.
This standardized technique, with a radiographer performing the acquisition, may improve the workflow, while the diagnostic accuracy may be enhanced by the increased possibilities of obtaining a second opinion after the examination. Ultrasound then becomes more similar to other radiological modalities such as CT and MRI, where standardized examination protocols are used. With this technique, the imaging is less operator-dependent, since the entire liver is imaged with a standardized scanning protocol. Another advantage is the potential for the education of new radiologists, since it is possible to overview the entire ultrasound examination at the workstation along with an experienced radiologist.
Conclusions
Overall, we found a good agreement between the two radiologists reviewing CEUS liver examinations, acquired by a radiographer using a standardized technique, after surgery for colorectal cancer. Injection of contrast medium increased the visibility of liver lesions.
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